To determine the association of consanguinity with the occurrence of genetically transmitted eye diseases in rural and urban populations in Pavagada and Madhugiri taluks, Karnataka state, south India. This study was part of a population based crosssectional prevalence survey, BThe Pavagada pediatric eye disease study 2.^As a part of the demographic data, trained investigators collected information on consanguinity from the parents of children identified for the study. The children underwent visual acuity measurements and were examined by an ophthalmologist. Children with minor eye diseases were treated and those with major eye diseases were seen by a pediatric ophthalmologist. Eight thousand five hundred and fifty-three children were examined. The prevalence of ocular morbidity was 6.54% and blindness was 0.09%. The percentage of consanguineously married couples in the screened population was 34.33%. Among the blind children, 75% were blind with a disease with potential genetic etiology. Out of that, 66.67% were born out of consanguineous marriage (uncle-niece). Among children with diseases with a potential genetic etiology 54.29% of the children were born out of consanguineous union. Most of these children (71.43%) were born out of uncle-niece marriages. Further analysis showed that consanguineous parents were more likely to have children with disease with a potential genetic etiology as compared to nonconsanguineous parents (odds ratio: 2.551, p = 0.012). It is evident that consanguineous marriages, especially uncle-niece unions are common in the study area. Consanguinity is more likely to result in children with eye diseases with potential genetic etiology.
Introduction
Consanguineous marriages describe unions between couples who share at least one common ancestor (Shawky et al. 2013) . Children born out of consanguineous unions may be at increased risk of acquiring genetic disorders because of the expression of autosomal recessive gene mutations inherited from a common ancestor in a homozygous state (Shawky et al. 2013) . Consanguinity is prevalent in many Middle Eastern and Arab cultures and societies (Bener and Hussain 2006) . Consanguineous marriage is also preferred in the southern Indian states of Tamil Nadu, Karnataka, and Andhra Pradesh (Kumaramanickavel et al. 2002) . First-cousin marriages and uncle-niece unions are common. More than 20% of the consanguineous marriages are said to be uncle-niece unions (Bittles et al. 1991) . In Belgaum in Karnataka, 36% of the marriages were uncle-niece unions (Nath et al. 2004) , whereas in Mysore (Karnataka), there was almost equal distribution of first-cousin (44.68%) and uncle-niece marriages (46.81%) (Ramegowda and Ramachandra 2006) . Blindness caused by early-onset retinal dystrophies (Li et al. 2017 ) and wholeglobe anomalies (Ferda et al. 2000; Bardakjian and Schneider 2011) appear to be more common in consanguineous communities.
Objectives This study is a part of the Pavagada Pediatric Eye Disease Study 2. The main aim of the study was to determine the prevalence of ocular morbidity and childhood blindness in children ≤ 15 years of age. As a part of the demographic data, trained field investigators collected information on consanguinity from the parents of children identified for the study. In this paper, we discuss the association of parental consanguinity in children with eyes diseases with a potential genetic etiology.
Methods
Design This study was a population based cross-sectional prevalence survey, conducted from August 2012 to December 2013. The study was approved by the Institutional Review Board of the hospital and conducted within the tenets of the Declaration of Helsinki.
Setting The study area comprised the two taluks (sub-districts) of Pavagada and Madhugiri in Tumkur district of Karnataka state in south India. These are backward areas in terms of education, health, and socioeconomic standpoints (Dr D M Nanjundappa Committee Report. 2002) .
Participants Children ≤ 15 years of age, residing in the study area were eligible to participate in the study. The enumeration and identification of eligible candidates were undertaken by a medical/social/worker and a field investigator, and brought to make shift clinics in village schools. As a part of the demographic profile, data was gathered on the status of parental consanguinity of these children. The children were examined by one ophthalmologist. Children with minor eye diseases like conjunctivitis, refractive errors were treated by the ophthalmologist. In the second phase, children with major eye diseases like strabismus, cataract, retinal pathologies, and amblyopia were seen by the pediatric ophthalmologist when she visited the peripheral hospital in the study area on a periodic basis.
Sample size calculation A sample size of 8115 was chosen from 30 standardized villages and 25 urban wards of the study area (villages/urban wards with < 200 households were clubbed together, those with household size ranging from 200 to 400 were retained as they were and those with 400+ households were divided into two or more units). The sample size was calculated using the formula 4 pq/l 2 where p = prevalence of the factor of interest, q = 1-p or 100-p if it is expressed as a percentage, and I is the acceptable margin of error. The major disorder of interest for sample size calculation was ocular morbidity, 9.39% (95% CI, 8.006-10.93); prevalence of ocular morbidity was taken from personal communication-Babu RB. The Madhugiri Pediatric Eye Disease Study on April 2010 calculated a sample size of 8115 (taking 8% (lower limit of CI) as the prevalence, 10% acceptable margin of error and design effect of 1.5).
The methodology is illustrated in Fig. 1 .
Statistical analysis
The overall prevalence of blindness, ocular morbidity, and diseases with a potential genetic etiology were calculated in percentages. Ninety-five percent confidence limits were calculated for prevalence rates assuming a binomial distribution, using the formula, p ± 1.96 √(p(1-p))/n, where p is the prevalence of the ocular morbidity and n is the total population screened. The associations between consanguinity and presence of a disease with potential genetic etiology were evaluated using logistic regression models and odds ratio were reported. Statistical analyses were performed with commercially available software (Stata version 13.1; StataCorp, College Station, TX) and a p value of less than or equal to 0.05 was considered statistically significant.
Results
Children in the age group of 0-15 years (mean age, 8 years) were screened. Eight thousand five hundred and fifty-three children were examined. The prevalence of ocular morbidity was 6.54% (CI, 6.01-7.06) and blindness was 0.09% (CI, 0.03-0.16) (Kemmanu et al. 2018) . The prevalence of diseases with a potential genetic etiology was 0.41% (CI, 0.29-0.57).
The percentage of consanguineously married couples in the screened population was 34.33%. About 69% of these couples were literate, but when we looked into the number of children with consanguineous parents in whom the mother had > 9 years schooling, only 38.16% had pursued education of > 9 years. Among children who were born to consanguineous parents, 57.20% were products of uncle-niece marriages (Table 1) .
Among children with diseases with a potential genetic etiology, 54.29% of the children were born out of consanguineous union, whereas in the group with normal children along with children with diseases without a genetic etiology, 36.03% were products of consanguineous union (odds ratio = 2.551 and p = 0.012). Among children with diseases with a potential genetic etiology, 71.43% of the children born out of consanguineous union were children of uncle-niece marriages. Children born out of uncle-niece unions were significantly more likely to have diseases with potential genetic etiology (odds ratio, 2.60; p = 0.006) than first-cousin marriages (odds ratio, 1.263; p = 0.629) or marriages between distant relatives (odds ratio, 1.085; p = 0.937) ( Table 2) . Out of the seven children with cataracts, six were born out of consanguineous unions (85.71%). This was statistically significant with an odds ratio of 10.75 and a p value of 0.028 (Table 3) .
Among the eight blind children, six (75%) were blind with a disease with potential genetic etiology (whole globe, − 2; uveal coloboma, 2; cataract, 1; and retinal dystrophy, 1). Out of the six, four (66.67%) were born out of consanguineous marriage. All the marriages were uncle-niece unions. Total number of consanguineous couples in the population screened 1776 (34.33%)
Number of consanguineous couples in whom the mother is literate 1228 (69.144%)
Number of children with consanguineous parents (n = 8553)* 3068 (35.87%) Number of children who were products of first-cousin marriages** (n = 3068) 998 (32.53%) Number of children who were products of union between distant relatives** 316 (10.30%)
Number of children who were products of uncle-niece marriages** 1755 (57.20%)
Number of children with consanguineous parents in whom the mother is literate** 2056 (67.01%)
Number of children with consanguineous parents in whom the mother is illiterate to ≤ 8 years schooling** 1895 (61.84%) Number of children with consanguineous parents in whom the mother > 9 years schooling** 1169 (38.16%) Number of children with consanguineous parents from rural area** 1962 (63.95%) *8553 is the total number of children screened **Denomination is 3068, i.e., those children with consanguineous parents
Discussion
Consanguineous marriages are common in populations of North Africa, Middle East, West Asia, and south India and constitute 20-60% of all marriages (Tadmouri et al. 2009 ).
In south India, the rate of consanguineous marriage is said to be about 20-50%; the highest level recorded in urban Pondicherry where the rate was estimated to be about 54.9% (Bittles 2001) . Out of the couples in our study population, 34.33% were consanguineously married. A study by Nirmalan PK et al. found 26.7% of the subjects screened to be products of consanguineous union (Nirmalan et al. 2006) . Another study in a tertiary care center in Chennai found 28.8% of the families screened to have a history of consanguinity (Kumaramanickavel et al. 2002) . In our study, 35.85% of the children screened had consanguineous parents. About 64% of these children were from the rural areas. It is known that consanguineous marriages are more common in the rural areas (Bittles 2001) . It is generally believed that education has a decreasing effect on the frequency of consanguineous unions (Fuster and Colantonio 2004; Hussain and Bittles 2000) . However, in two studies in Pakistan (Jabeen and Malik 2014; Ahmed et al. 2016) , consanguinity was observed to be significantly higher in the literate group compared to nonliterate. Our study found that 67% of the children born out of consanguineous unions had mothers who were literate. When we compared the consanguineous union among the group illiterates and ≤ 8 years of schooling and those with >9 years of schooling, we found that the latter group had 38.16% of children with consanguineous parents as compared to 61.84% in the former group (p = 0.001). This goes to say that mere literacy may not be enough to take pro-health decisions; it is the number of years of schooling, rather than literacy that is important. In our study, 57% of the children born out of consanguineous unions were of uncle-niece unions, followed by first-cousin unions (32.53%). The preference for uncle-niece unions in south India has already been documented (Hamamy et al. 2011) . Our study clearly showed that children born out of uncle-niece unions were more likely to have diseases with potential genetic etiology than first-cousin marriages or marriages between distant relatives. Uncle-niece share 1/4th of their genes and first cousins share 1/8th of their gene pool (Bennett et al. 2002) . Hence, there is a greater risk of having an offspring afflicted with a hereditary disease in uncle-niece unions.
A study from south India reported that 44.6% of subjects with nonsyndromic ocular coloboma had consanguineous parents (Hornby et al. 2003) . Another study from a genetic center in south India reported retinitis pigmentosa in 63.9% of the patients with consanguineous parents (Kumaramanickavel et al. 2002) . In another study (Bener and Mohammad 2017) , the odds of finding common eye diseases in people with consanguineous parents was 3.68 times (p value of 0.002) higher than those with nonconsanguineous parents. In our study, we found that the odds of finding cataracts in children born of consanguineous unions were high (10.75 times higher). Consanguinity was not significantly associated with the presence of other diseases (whole globe, uvea, and retina) with potential genetic etiology. There are studies from the West, which have shown that up to one third of the bilateral pediatric cataract cases are genetic, most of which are autosomal dominant (Churchill and Graw 2011; Shiels and Hejtmancik 2007) . In areas with a high rate of consanguinity, due to increased expression of potential homozygous recessive genes, autosomal recessive inheritance of pediatric cataract comprises a large percentage of cases (Khan 2012) . A study from south India (Nirmalan et al. 2006) did not find consanguinity to be significantly associated with the presence of eye diseases with potential genetic etiology. This could be possibly because, this study comprised of 35.7% of the people with uncle-niece parents, whereas in our study 57.2% of the children were born out of uncle-niece unions. . e., the total number of children with diseases with genetic etiology, born out of consanguineous union #The denominator is 3069, i.e., the total number of children who are normal and with diseases of no genetic etiology born out of consanguineous unions **The denominator is 35, i.e., the total number of children with diseases with a potential genetic etiology †The denominator is 8519, i.e., the total number of children with diseases without genetic etiology along with the normal children
Our study has shown that consanguineous parents were 2.5 times more likely to have children with diseases with a potential genetic etiology as compared to nonconsanguineous parents (odds ratio = 2.551 and p = 0.012). This could still be an under estimation, considering that children with severe congenital anomalies may not have survived. Parental consanguinity is associated with an increased incidence of death in previous siblings (p < 0.000) (Bromiker et al. 2004 ).
Strengths and limitations of this study: strengths There are only a few population-based studies that actually look into the relationship between childhood eye diseases and consanguinity. This study demonstrates the increased risk in children of consanguineous unions, and the increase of this risk with the degree of consanguinity (coefficient of inbreeding).
Limitations We have not collected data on the number of abortions and child mortality and the pedigree was not recorded due to lack of trained investigators on the field. We have only taken the data of parental relationship of the children examined. This may result in an underestimation of the real amount of inbreeding especially in populations with a long standing history of inbreeding. We must also understand that prevalence estimates from cross-sectional studies will underestimate risk to a certain extent as young children who are still unaffected may turn out to be affected later on; for example, an infant examined may not manifest diseases like retinitis pigmentosa, but may manifest in the first decade of life.
To conclude, consanguinity may play a significant role in the occurrence of congenital eye diseases. Genetic counseling could be offered to consanguineous couples to prevent the possibility of having children with congenital malformations. Also, increasing awareness about the consequences of consanguineous marriages through education and awareness programs may help in decreasing the prevalence of congenital anomalies and their comorbidities, caused as a result of consanguineous unions. 
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